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12.1 Introduction e/ 12.2 Self-Referential Structures e/

Dynamic data structures - grow and shrink during execution

Fixed-size data structure (single-subscripted array, double-
subscripted array)

Linked lists (Linear) - insertions and removals made anywhere

Stacks (Linear) - insertions and removals made only at top of
stack

Queues (Linear) - insertions made at the back and removals
made from the front

Binary trees (Non-linear) - high-speed searching and sorting of
data and efficient elimination of duplicate data items

Self-referential structures
Structure that contains a pointer to a structure of the same type

Can be linked together to form useful data structures such as lists,
queues, stacks and trees

Terminated with a NULL pointer (0)
Two self-referential structure objects linked together

o— | 15 . 10
2 /

Data member
and pointer ‘ NULL pointer (points to nothing) ‘




12.2 Self-Referential Classes (I1)

struct node {
int data;
struct node *nextPtr;

3

nextPtr - points to an object of type node

Referred to as a link — ties one node to another node

s

12.3 Dynamic Memory Allocation

Dynamic memory allocation
Obtain and release memory during execution
malloc
Takes number of bytes to allocate
Use sizeof to determine the size of an object
Returns pointer of type void *
type void * (pointer to void) to the allocated memory.
If no memory available, returns NULL
newPtr = malloc( sizeof( struct node ) );

free
Deallocates memory allocated by mal loc

Takes a pointer as an argument
free (newPtr);

s

12.4 Linked Lists

Linked list
Linear collection of self-referential class objects, called nodes,
connected by pointer links
Accessed via a pointer to the first node of the list
Subsequent nodes are accessed via the link-pointer member
Link pointer in the last node is set to null to mark the list’s end

Use a linked list instead of an array when
Number of data elements is unpredictable

An example of linked list

struct node {
int data;
struct node *nextPtr;

}
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12.4 Linked Lists (II)
Types of linked lists:
singly linked list
Begins with a pointer to the first node
Terminates with a null pointer
Only traversed in one direction
circular, singly linked
Pointer in the last node points back to the first node
doubly linked list
Two “start pointers”- first element and last element
Each node has a forward pointer and a backward pointer
Allows traversals both forwards and backwards
circular, doubly linked list

Forward pointer of the last node points to the first node and
backward pointer of the first node points to the last node

Inserting and deleting node in a li

{ WMN)
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ning a list »/

f#include <stdlib.h>

struct listNede {
char data;
struct listNode *nextPtr;

/* pelf-referential struc

0 OO BB =

3:

11 | typedef struct listMode ListNode;
12 ypedef Li *Li i

14 [void ingert( ListNedaPtr *, char };
15 | char delete( ListNodePtr *, char );
16 | int isEmpty( ListNodePtr };

17 | woid printList( ListNodePtr ):

18 | void instructions( void );

Main program
int mainf}

ListModePtr startPtr = NULL; ]
nt ca;

char item;

HREBS

iopg(i; /* display the meny 'JI
prints{ "7 " );
scanf( "%d", &choice );

while ( choice != 3 ) {

gwitch ( chodcae )} {
cage 1:
printf( "Enter a charactar: " };

insert( &startPtr, item };
printLast( startPtr
broak;
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39 case 2 v

40 if iisEmpty{ startPtr ) ) { y . . .

41 erjT—o'nz—F_lx AEE] Eater character £6 be deleted: * ); | Function instructions

42 scanf( "\n%c", &item };

43

a4 if (| delete( EstartPer, item )|) (

45 prIntE( * eted.\n", item ) 58

46 printList( atartPtr ); &9 . e i 3 "

- 2 70 void instructiens( void )

48 else N ¢

49 printf( "%¢ not found.\n\n", item }; 72 printf( "Enter your choice:\n®

20 } 73 * 1 to imsert an elemedt into the list.\n"
51 else 74 % 2 to delete an element from the list.\n"
52 printf( "List is empty.\n\n" )j 75 " 3 to end.\n" );

53 75 )

54 break; 77

55 default:

56 printf( "Invalid choice.\nm\n" );

57 instructions();

58 break;

59 1

&0

&1 printf( "2 " )2

62 scanf( *%4", &choice )j

63 }

&4

&5 printf{ "End of run.\n" ):

66 return 0;

&7 3

&8

ik =

78 f Tumare v watus foea the TNk g poited 't

79 woid| insert( ListWodePtr *sPtr, char value ) | f WMN
80 . . . . =
81 ListHodsPrr newPtr, previcusPtr, currentPtri | Insertlng a node in Ol'del' ina Ilst rm
:g pewrtr = malloc( sizecf( ListNode )} )

" a) *sPtr previcusPtr currentPtr

85 if ( mewPtr I= WULL ) { /* is available 3 T

B4 newPtr->data = value; . . |._._

a7 newPEr->nextPrr = NULL;

8a

a9 praviousPtr = NULL; lr T . 1 | = A

90 currentPtr = *BPEX; [l —1= I ._} "o | =]
21 newPtE

92 whils = currentPtr->data ) ] o

9 Iﬁiﬂ%"‘“"}' o rosdi; : =N

94 = 1 I e node * B

gi : *sPtr  previousPtr currentPtr

97 if ( previousPtr == NULL ) { [« . T |

98 newPtr->nexXtPEr = *sPtr; I Ll &=l

Ll *sPtr = newPtr;

100 3 -
101 olas { i
102 previousPtr->nextPtr = newPtr; | 2 1|
103 newPtr-»nextPtr = currentPtr;

104 ¥

105 ¥

106 alne

107 printf( *%c not inserted. No memory available.\n", value }; —_— —
108 )

1no

Fig. 125 I
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tempFtr = *sPtz;
“gPtr = { *sPtr )->nextPtr;
frea( tempPtr }j
TRTUTH value;

3
121 elee {

122 previousPtr = *sPtr}
123 = ( *sPtr ) i)

125 while { 1= NULL E& da

124 pravicusPtr = currentPtr;
127 = x tPte:

currentPtr != NULL } {

tenmpPEr = currantPty;
i =

froo( tempFPtr };
7

Deleting a node from a list

a) *SPLT pre\ria_t_a-vtr currantPtr

. W .

EE—EE A -EN
*8Ptr previousPtr currentPtr
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tempPLr

Fig. 12.6 Deleting o node from a list.

Print out a list

1wy}

140

141 /* Return 1 if the list is empty, 0 otherwisae */
IE int isEmpty( ListModePtr aPtr )

143 ¢

144 return sPtr == NULL;
145 3

146

147 /* Print the

.f
148 woid printList( ListNodePtr currentPtr }
149

150 if ( curremtPtr == NULL )

151 printf{ *List is empty.\m\n" };

152 else (

153 printf£{ "The list is:\n* );

154

155 while { curremtPtr != NULL ) {

156 printf currentPtr->data };
157 currentPtr = currentPbr->nextPrr;
158 ¥

159

160 princf({ "NULL\n\n" };

161 ¥




12.5 Stacks

Stack
New nodes can be added and removed only at the top
Similar to a pile of dishes
Last-in, first-out (LIFO)
Bottom of stack indicated by a link member to NULL
Constrained version of a linked list
push
Adds a new node to the top of the stack
pop
Removes a node from the top
Stores the popped value
Returns true if pop was successful

Graphical representation of a stac

stackPtr

DI EI=S

|_=ig. 12.7 Graphical representation of a stack.

A simple stack program

1

2 /

3  #include <stdio.h>

4  #include <stdlib.h>

5

6 | struct mtackNode { /* gelf-referential structure */
r i int data;

8 struct stackiMode *nextPtr;

91 ¥

10

11 typedsf struct stackNodae StackNodej
12  typedef kHoda * tr;

13

14| wvoid push{ StackNodePtr *, int };
15 int StackNodePtr * )7

16 int isBmpty( StackNodePtr );=

17 woid printstack({ StackNodePtr );
18 wvoid instructioma({ void );

9
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Function push Ay 4

68 /* Insert a node at the stack top */ .
69 woid push{ StackNodePtr *topPtr, int info )
{

7 StackNodePtr newPtr;

73 newPtr = malloc( sizeof( StackNode ) );
nawp!

76 DewPETr->nextPtr = "topPtr;
77 *topPtr = newPtr;

}
79 alse
BD printf({ "%d not inserted. No memory available.\n",
B1 infe )

Push operation

@

B)

1sh operation.

*topPtr

== —EN

newktr

[ =]

*topPtr

newPLr

E
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Function pop

Pop operation

83
84 /= m & nods from the ck top */
85 int pop( StackModePtr *toprtr |
B6 {
87 StackNodePtr tempPtr;
88 int popValue;
89
90 tempPtr = *topPtr;
21 popvalue = ( *topPtr )->data;
92 *topPtr = ( *topPtr )}->nextPtr;
93 free( tempPtr );
94 Teturn popvalue;
g5 1
96

a) *topPtr
— —| 1 —_—
- - 7 | & - 11
B) *topPtr
1= 12| 1 | 11]\]
-. |
temp‘ﬁ

96

97 /* Print the stack */ b . . WM
gg \{o:l.d printStack( StackNodePtr currentPtr ) AppllCﬁthﬂS Of Stack r ol
100 if ( currentPtr == NULL )

101 printf( "The stack is empty.\n\n" ); .

R e : Stacks support recursive function calls
103 printf( "The stack is:\n" );

104

105 while ( currentPtr != NULL ) {

106 printf( "%d --> ", currentPtr->data );

107 currentPtr = currentPtr->nextPtr; I

108 1

109

110 printf( "NULL\n\n" );

111 }

112

113

114 /* Is the stack empty? */

115 int isEmpty( StackNodePtr topPtr )

116 (

117 return topPtr == NULL;

118 3
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12.6 Queues Mt/

Queue
Similar to a supermarket checkout line
First-in, first-out (FIFO)
Nodes are removed only from the head
Nodes are inserted only at the tail

Insert and remove operations
Enqueue (insert) and dequeue (remove)

Useful in computing
Print spooling, packets in networks, file server requests

A graphical representation of a queue

headPtr tailPtr

[+]

1 1

FIEEROEERE N

Fig. 1212 A graphical representation of a queue.

. W)
Example of queue operation N/

1

2 fue .
3

4 finclude <stdioc.h>

5 f#include <stdlib.h>

&

7 | stzuct queusNode { /* self-referential structure */
L] char data;

9 struct gueueNode *nextPtr;

10| 3:

11

12 ¢ def struct Qu :

13  typedef @ *Q tr;

14

16 /* fun on protokypes ¥/

16 wvoid printQueue( QueueNodePtr );

17 _int isEmpty( QueueNodePtr )i =
18 | chax { r %, £x *};
19 | void enqueue( QueueNodePtr *, Qu dePtr *, char );

20 void instructioms( void };

T hes maindd
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enqueue function

72

73 woid Meuel CQueueNodePts 'hnad?ttl QueueliodePtr *tailPtr,
74 char value )

LT

76 QueusNodePrr newPtr;

77

78 newPtr = malloc( sizecf( QueueNoda ) );
79

80 if { mewPtr I= NULL ) {

81 newPtr->data = value;

82 newFtr->nextPtr = NULL;

B3

B4 if ( imEwpty( *headPtr ) ) <

85 *headPtr = newPtrj

&6 elgs

&7 [ { *tailPtr )-snextPtr = newPtr;
&8

a9 *tallPer = newPtr;

20 |

9?1 alse

72 printf( "%¢ not inserted. No memory available.\n*®,
23 walue };

94 3

95

enqueue operation

@) *headPtr *tailPtr newPtr
| ]
1] ' 1
NERRNESEEE *#T&
)  *headPtr ttailPtr newrtr

=

o= e

B
E]

r
'
|
1
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dequeue function s

96 char d I:[ b “f‘ r 'talll’tr]l
97
58 char value;
29 gueueNodePtr tempPtr;
100
101 wvalue = { *headPtx )->data;j
102 tempPtr = *headPtr;
I 1
103 RS x = { *head 1 m:n]
04
105 if ( *headPtr == NULL )}
106 *tailPtr = NULL;
107
108 free( tempPtr )i
109 return values
110 3

dequeue operation

[=}] *headPtr *tallPtr
Tl

e G E

*tailrPer

o) 'l:?_nil_u:

'I:mrt:

" e

10



Other functions

111
112
113
114
115
116
nz
118
119
120
121
122
123
124
125
126
127

int isEmpty( QueueNodePtr headPtr )

{
}

wroid printgQueus d

{

}

return headPtr == NULL;

tr|)
if ( currentPtr == NULL )
printf({ "Queus isx empty.in\n" };
else {
printf( "The gueua is:\a" );
while ( currentPtr != NULL ) {
nte( = T e nEPEr—
Ptr = T;

¥

printf( *"NULL\n\n" );

)i

12.7 Trees

Tree nodes contain two or more links
All other data structures we have discussed only contain one

Binary trees
All nodes contain two links (connecting with left and right child nodes)

None, one, or both of which may be NULL

The root node is the first node in a tree.
Each link in the root node refers to a child
A node with no children is called a leaf node

11



Tree node structure

1

2

3

4 #include <stdio.h>

5§ #include <stdlib.h>

6 #include <time.h>

T

8 | struct treeNode {

? struct treeNode *lefiPtz;
10 int data;

11 struct treeNode *rightPtr;
12 3;

13

14 typedef struct da Tr

15 typedef TreeNode *TresNodePtr;
16

17 | void insertNode( TreeNodePtr *, int );
18 | void inOrder( TreeNodePtr );
19 | void praordar( TreeNodePtr );
20 | void postOrder( TresNodePtr };
21

12.7 Trees (Il)

Binary search tree

Values in left subtree less than parent

Values in right subtree greater than parent

Facilitates duplicate elimination s

Fast searches - for a balanced tree, maximum of log n comparisons

47

11/5\3 GAS
VAN

main function

22 ime main()

23

24 int 1, ivem;

25 Trostodalts ectPEr = WULL)

%

27 arand( time( WULL ) )y

F)

o * insert random values bet s 1 & 15 in the tres *
30 printf( ~The £8 being placed in the tree areiim® );
n

2 for (& = 1; & <= 105 dee ) {

) item = ramd() % 15;

5 insert¥ode( &TootPtr, item }j

b

7

38 * traverss tha tres prerder /

w = warsal is:in® )p
40 predrder( rootPEr )i

4

42 .t proe the tres in

43 printf| =\n\nThe inOrde: real imiim® 17
&4 [ Inoeder( reotFer 17 ]

45

m o s K S REOCARE *

a7 intf{ =\n\nThe postOrder traversal ls:im® J;
48 postOrder( rootPEr )i

Ll

50 roturn 0F

51 3

52

insertNode function

53
54
55

HEUNNESSELIRGRAR2BEE LY

woid i e ( ..Ir- int value )
{

if { *treePtr == NULL )} { ey

r is NOLL */
*treePtr = mallac( sizeof( TresNods } );

if ( *treePtr != NULL } {
{ *treePtr )->data = value;
{ *treePtr )-rleftPtr = NULL;
{ *treePtr )->rightPtr = NULL;
¥
else
printf{ "%d not inserted. Wo memory available.\n",
value };
¥
else
if (lvalue < ¢ *cresprz 1o>dazal)
[insertncde( &( ( *trewptr )->laftrtr ), value )|

else if (| value > [ “EreeFtr J->data])
TnsertNode( &( | YLreePLr )J->rightPtr J, wvalum 1‘

eldw
princs( vaup» ),

12



Example of a binary search tree

47

d u & us
7A17 :ﬁ4 8

12.7 Trees (Il Octay

Tree traversals:
Inorder traversal - prints the node values in ascending
order
1. Traverse the left subtree with an inorder traversal.

2. Process the value in the node (i.e., print the node
value).

3. Traverse the right subtree with an inorder traversal.
Preorder traversal:

1. Process the value in the node.

2. Traverse the left subtree with a preorder traversal.

3. Traverse the right subtree with a preorder traversal.
Postorder traversal:

1. Traverse the left subtree with a postorder traversal.

2. Traverse the right subtree with a postorder traversal.

3. Process the value in the node.

75

74 +void inOrder( TreeNodePtr trasePtr )

74

78 if ( treePtr != WNULL } { a7

7% inOrdez( tzeePtz->leftPtx )

80 printf( "%3d", treePtr->data ); 1 ]

8] inOrder{ treePtr->rightPtr ); v 5 b= 5
82 b

8 3 Fig. 1221 Abnar

volid preOrder{ TresNodePtr treePtr )
{

if ( treePtr != NULL )} {

printf({ "%3d4", treePtr->data );
predrder( treePtr->leftPtr )j
predrder{ treePtr->rightPtr );

}
void postOrder( TreeNodePtr treePtr )

if ( treePtr != NULL ) {
postOrder( treePtr->leftPtr };
pogtorder( treePtr->rightPtr );

84
85
86
87
88
89
90
N ¥
92
93
94
95
96
97
98
99 printf{ "%3d4", tresPtr->data );




